For the detection of carbamate insecticides an aqueous acetonitrile extract is produced in the same manner as for organodtlorine and organophosphorus compounds. One half is mixed with dlluted acid and partitioned with dtloroform. After removing degradation products of carbaryl and propoxur, the extract is hydrolyzed and purified. The free '1-naphthol and isopropoxyphenol are steam-distilled from acid medium and derivatized with tridtloroacetyl dtloride. The derivatives are separated by gas dtromatography with the electron capture detector. The second half of the acetonitrile extract is mixed with diluted acid, filtered and partitioned with dtloroform. The concentrated extract is hydrolyzed with dlluted alkali and the resulting oxime of methomyl is determined by gas dtromatography with the flame photometric detector in the S-mode.
3· METHOD

Reagents
{a) Solvents. -Acetonitrile, methylene dtloride, nhexane, benzene, ethyl acetate and dtloroform, Nanograde (Mallinckrodt). (g) Eluting mixture . ..,.. Acetonitrlle: hexane: methylene chloride, '1 :1.9 :So.
(h) Acid mixture. -Dissolve 1.0 g NaaS04 in 1. L dist. water containing 1.0 ml H2S04 (95-97%).
(i) Sodium hydroxide. -o.oo2, o.1., 1. .0 N in dist. water.
0) Calcium hydroxide.-GR (Merck).
(k) Aluminium oxide. -For dry-column dtromatography (Woelm). Principles of the determination of organochlorlne and organophosphorus pesticides. After last of the solvent has just sunk into the NaPO.t layer, transfer extract-Fiorisil mixture to column and rinse container with small amounts of n-hexane. Elute pesticides with 1.00 ml n-hexane (a) into a clean 250 ml flask; change receiver and elute with 1.00 ml benzene (a); solvents are delivered &om a dropping funnel connected with an adapter to the column. Concentrate eluates to about 5 ml on a rotary vacuum evaporator in a 35° C water bath, transfer quantitatively to small tubes (1.0 m1 screw-cap tubes with Teflon-lined discs), evaporate just to dryness, and dissolve residues with a known volume of methyl ethyl ketone (b) (usually 1..0 and 0.2 ml for the n-hexane and benzene eluates, respectively). These solutions are ready for gas chromatography, "Residue Detection Methods" [3.4.1.], and contain in fraction I (n-hexane) HCB, Lindane, 4 Lindane isomers, aldrin, heptachlor, heptachlor epoxide, TOE, DOT and metabolites, and in fraction 11 (benzene) dieldrin, endrin, endosulfan I, endosulfan 11, endosulfan sulfate. 
3·3·1·4 Separation of Polychlorinated Biphenyls and
3·3·2.2 Cleanup of Carbaryl and Propoxur:
Transfer the tobacco extract to a 500 ml separatory funnel, add 300 ml acid mixture (h) and 50 ml chloroform, mix by gentle shaking for 1 min.; after layers separate, percolate the bottom layer through anhydrous Nil2504 into a 2.50 ml separatory funnel. Re-extract aqueous layer with 50, 25 ml d\loroform and treat in the same manner as the first extract. Shake the combined chloroform extracts with 25 ml cold o.oo2 N NaOH (ea. +5° C) for 15 sec. Immediately after layers have separated, drain d\loroform into 250 ml flask and evaporate to about 5 ml on a rotary vacuum evaporator in a 45° C water bath. Concentrate to about 0.5 m1 under a stream of nitrogen, add :15 ml 0.:1 N NaOH and place the flask in a 6o° C water bath for 15 min., pass a stream of nitrogen over the surface of the extract. Swirl the flask frequently to evaporate the chloroform. Cool the solution, add a suspension of 0.2 g Ca(OH)2 + 0,5 g Celite in 2 ml water and shake on a mechanical shaker for 5 min. Filter mixture through a small glass fibre disk, wash filter and container with small portions of o.1 N NaOH. Transfer filtrate to a 100 ml distilling flask (e), add 35 ml acid mixture (h), and several boiling beads. Distil on a hot plate until ;o ml distillate are received, collecting distillate in a 50 ml graduated cylinder; add ;.o ml 1 N NaOH and shake well. Transfer aqueous solution to 50 ml separatory funnel, partition with 15 m1 n-hexane; after layers have separated, discard n-hexane. Add 2.0 ml benzene, 30 loll trichloroacetyl chloride (e) (from a 50 ttl gas-tight syringe) to the aqueous solution in same separatory funnel; shake vigorously for ;o sec. and on a medtanical shaker for 20 min. Let phases separate, drain solvent layer into small screw-cap tube (5 ml), add a small portion of anhydrous Na2SO., and shake, Proceed as in "Residue Detection Methods" [3+J.l.] for the detection of carbaryl and propoxur.
3·3·2·3 Cleanup of Methomyl:
Transfer the 75 ml aliquot to a 500 ml screw-cap flask, add ;oo.o ml acidmixture (h) and 5 g Hyflo Super Cel; shake on a mechanical shaker for :lo min. Filter mixture through a dry fluted filter into a graduated cylinder, and record volume, e.g. ;65 ml (97 °/o of the calculated sample equivalent). Extract the filtrate with successive 50, 50 and 25 ml portions of dtloroform (a), shaking about 1 minute each time. After eadt extraction, percolate chloroform through anhydrous Na2SO., into a 250 ml flask; concentrate combined chloroform to about 0.5 ml on a rotary vacuum evaporatodn a water bath at 45° C.
Add 50 m.l 0.1. N NaOH and place the flask in a 6o° C 
Calculation.
ng pesticide in sample aliquot injected area of sample peak X ng standard injected area of standard peak Area of sample and standard peaks should not differ by more than :10 °/o for quantitative determination.
GLC Procedure for Phosphated Pesticides
Standardization of Equipment. -Set flame photometric system for the following conditions: detector, 180° C; synthetic air, :100 mVmin.; hydrogen, 50 mVmin.; interference Biter, 526 mf.l; recorder dtart speed, o.5 cm/ min. GLC conditions; QF-:1 + OV-17 column (g, :1) : temperature, :170° C for separation of disulfoton, monocrotophos, phosphamidon; and for separation cf diazinop., dimethoate, parathion~methyl, malathion, parathion; 200° C for separation of disulfoton metabolites; 220° C for separation of fensulfothion, fensulfothion metabolites, fenthion metabolites; 235° C for separation of fensulfothion, azinphos-methyl, azinphos-ethyl, Phosvel, phosalone; DC~.2oo column (g, 5) : temperature : 16o° C for separation of monocrotophos from dimethoate and phosphamidon from parathion; helium flow, :100 mVmin.; injection port, 200° C. Standardize system as follows: inject into column 2.0 111 sample solution under operating conditions, repeat at least three times, Alternately inject sample solution and standard mixture; when several successive injections produce constant response (response gradually increases to a constant value), column is ready for use.
Detection. -Inject 2.0 f.ll sample solution into column, push start button of the integrator and close hydrogen shut-off valve; after :1 minute press ignitor button and open hydrogen valve slowly; record chromatogram. Calculate the retention time of sample peak relative i:o parathion and fensulfothion respectively; inject an appropriate amount of standard mixture.
Calculation.
ng pesticide in sample aliquot injected area of sample peak X ng standard injected area of standard peak Area of sample and standard peaks should not differ by more than 10°/o for quantitative determination.
3·4·3 GLC Procedure for Carbamate Pesticides
3·4·3·'~ Carbaryl, Propoxur
Standardization of Equipment,-QF-:1 + OV-17 column (g, 2): temperature, 145° C for propoxur; 165° C for carbaryl; nitrogen flow, 55 mVmin.; detector, 200° C; injection port, 18o° C; recorder chart speed, 0.5 cm/min. Standardize system as follows: inject into column at appropriate working conditions 2.0 Ill standard mixture (o,6), using :10 !!l syringe; repeat injections until constant areas result. After each injection raise temperature to 200° C to remove from the column interfering products of the derivatization step.
Detennination. -Equilibrate gas chromatographic oven at 145° C and 165° C, respectively; inject into column 2.0 Ill sample solution, push start button of the integrator and record chromatogram. About 2 minutes after substance under investigation has emerged from the column, raise temperature up to 200° C; keep at this temperature until last interfering compounds have left the column. Cool down and proceed as under "Determination". Inject an appropriate amount of standard mixture.
Calculation.
ng pesticide in sample aliquot injected area of sample peak X ng standard injected area of standard peak Area of sample and standard peaks should not differ by more than 'lo 0 /o, the response must be in the linear region of the electron capture detector.
3·4·3·2 Methomyl
Standardization of Equipment.-FFAP column (& 4): temperature, '150° C; helium flow, So mllmin.; injection port, 18o° C; detector, 180° C, hydrogen, 50 ml/min.; synthetic air, 130 ml/min.; interference filter, 394 mJ.I.; recorder chart speed, 0.5 cm/min. Standardize system as follows: inject into column 3.0 jJ.l sample solution, using '10 jJ.l syringe; next inject 3.0 JJ.l standard solution (o,7); determine peak areas. Repeat injections in that sequence until constant areas result for both, sample and standard solutions. 
Calculation.
ng pesticide in sample aliquot injected area of sample peak X ng standard injected area of standard peak
4· DISCUSSION
The well proved extraction of tobacco with aqueous acetonitrile (:1,2), recommended by Bertuzzi and eoworkers (3), for the extraction of dtlorinated compounds from foodstuffs is again the starting point of this procedure. It has been in use in our laboratory since '1965, and an earlier version of our procedure for pesticide residues, based on that extraction, was presented at the Tobacco Chemists' Research Conference in :1968. Our investigations and those of Storherr and eoworkers (4); Porter and eo-workers (5); showed that aqueous acetonitrile is not only very efficient for the extraction of chlorinated compounds, but also, for at least the other two great categories of pesticides, the phosphated and carbamate compounds. Partitioning of the acidified acetonitrile extract with methylene chloride proved to be the most efficient concentration step for all kinds of residues, covering the range from nonpolar, i.e., DOT, to very polar, i.e., monocrotophos (Azodrin). This procedure, proposed by Watts and eo-workers {6), is rather a "freeing from water" than a partitioning; the acetonitrile is removed completely with the methylene dtloride. The drawbalk of this procedure is that during extraction relatively large amounts of extraneous material are removed with the pesticides. However, one of the most important steps in any procedure is the purification or cleanup. For example, the life of the gas chromatographic column and the operation of the detector depends on using pure fractions. The sensitivity of the entire procedure to a specific pesticide depends on a gas chromatographic system that-is not contaminated. Along the way-developing an efficient cleanup procedure, we investigated finally preparative thin-layer chromatography on alumina with acetonitrile as developing agent. We were encouraged by these promising results and introduced a "dry-column" technique. Loev and eo-workers (7) stated that "dry-column" chromatography is an improved duomatographic technique by means of which separations comparable to those obtained by thin~layer chromatography can be carried out rapidly, in a column, on a preparative scale. A valuable relationship between TLC and "dry-column" chromatography is the direct transferability from the former to the latter. Basically, the "dry-column" procedure is carried out by filling an empty column with adsorbent, depositing the mixture to be separated on top of the column, and developing the dtromatogram by allowing solvent to move down the dry column by capillary action and gravity. When the solvent reaches the bottom the separation is complete. Using acetonitrile as solvent the pesticides move with the solvent front, leaving behind the extraneous material. This procedure has the great advantage that both polar and nonpolar pesticides elute into one fraction, with a minimum amount of solvent and in a short time. The eluate is clean enough for the deter~ mination of phosphated pesticides and metabolites by flame photometric gas chromatography, and for screening purposes of chlorinated compounds by microcoulometric gas chromatography (Table '1 ). More detailed analysis is achieved, especially for the detection of endosulfan and very small amounts of dield-rin and endrin, after separation on a micro-Florisil column ( Fig. 3 and 4) . The presence of PCB, PCN requires subsequent separation on a silica gel column. A separate procedure was developed for the detection of carbamate insecticides, taking into consideration the greater instability of carbamates and without the necessity to extend the present procedure too much to include nearly "all" pesticides. The extraction and concentration steps using aqueous acetonitrile and-dtloroform are very similar to those used in the procedure for 14.4
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CH.CN-H,~methylene dllorld~1. alumln~2. Florlsll '{' Eluent: 1. 50 ml ecetonltrlle, 100 ml methylene chloride 2. 100 ml n-hexene, 100 ml benzene Figure ,3 .
Gas chromatogram of tobacco extract. After FloriJU cleanup, n-hexane frac;tlon. Column temperature: 1e0° C. Detector: mlcrocoulometrlc system. Gas chromatogram of tobacco extract. After Florlsll cleanup, n-hexane fraction. Separation at reduced column temperature. Column temperature: 128° C. Detector: mlcrocoulometrlc system. chlorinated and phosphated pesticides. Only distillation of the purified, hydrolyzed tobacco extract gave a sufficient cleanup for the following detection of alkylphenol and naphthol, resulting from propoxur and carbaryl, as trichloroacetyl derivatives with electron capture gas chromatography ( Fig. cr-u) .
The determination of. methomyl requires very little cleanup, because of the possibility to detect methomyl as the methylthiopropionaldehyde oxime via the sulfur response with the flame photometric detector. This procedure, published by Pease and eo-workers (8), is not very sensitive, but specific, and does not suffer by interferences from tobacco. In general, the microcoulometric system is about :10 to 20 times less sensitive to chlorinated compounds than the electron capture detectqr, but highly specific for halogen. The lad< of sensitivity, which can be overcome by a more concentrated sample solution, is outweighed by the advantage of specificity with regard to the great number of non-halogen compounds, to which the electron capture detector responds. One problem in work on pesticide residues is the identification of compounds. Possible errors result in routine work from identifying pesticides only by measuring the retention time and calculating the relative retention values after gas chromatography on one column. Rarely confirmation is carried out on a second or third different column, especially in the determination of the well known chlorinated insecticides. In the presence of Lindane isomers, the a-, ~-, 6-and £-isomers, the ~-and 6-isomers become confused with heptachlor and aldrin, respectively. A separation is achieved only at very low column temperature ( Fig. 5 and 6 ). Nowadays a number of the analysed leaf tobacco has varying amounts of these isomers ( Fig. 7 and 8 ). The possible misinterpretation is especially critical if it is concerned with banned pesticides such as aldrin ari.d heptachlor. 
